Background/Aims: Leupaxin (LPXN) is a member of the paxillin protein family. Several studies have reported that LPXN regulates cancer development; however, the role of LPXN in bladder cancer remains unknown. Methods: The expression of LPXN in bladder cancer cells and tissues was determined by real-time PCR, western blotting, and immunohistochemistry, respectively. The biological role of LPXN in bladder cancer cell proliferation, invasion, and angiogenesis was explored both in vitro and in vivo. Results: LPXN expression was elevated in bladder cancer tissues and cell lines compared to adjacent non-tumor tissues and normal urothelial cells. High LPXN expression was correlated with large tumor size, advanced tumor stage, and poor survival in bladder cancer patients. Overexpression of LPXN significantly promoted the proliferation, invasion, and angiogenesis of bladder cancer cells, while suppressing LPXN had the opposite effects. The impact on tumor progression was abolished by inhibiting PI3K/ AKT signaling pathway. We further demonstrated that LPXN probably up-regulated S100P via the PI3K/AKT pathway. Conclusions: LPXN may facilitate bladder cancer progression by upregulating the expression of S100P via PI3K/AKT pathway. These results provide a novel insight into the role of LPXN in tumorigenesis and progression of bladder cancer and potential therapeutic target of bladder cancer.
Introduction
Bladder cancer is one of the most frequently occurring malignant neoplasms in the genitourinary system [1] . Despite some progress in the management of bladder cancer, the prognosis of patients with late-stage diseases remains poor, with about 14 months of median survival time, and about 15% of long-term disease-free survival [2] . Currently, very little is known about molecular mechanisms triggering the neoplastic transformation of urothelial cells and the progression of bladder cancer. There is urgent need to better understand cancer biology and identify novel molecular pathways involved in disease progression for bladder cancer therapy. Leupaxin (LPXN), a member of the paxillin protein family, is characterized by the presence of protein-protein interaction domain structure composed of LIM domains and LD motifs [3] . The LPXN gene is located in chromosome 11q12.1 and encodes 386 amino acids [4] . It was originally known as a multifunctional adaptor protein preferentially expressed in hematopoietic cells [3] . Later, LPXN was identified as a specific regulator in osteoclasts during the formation of adhesion zones. Disruption of LPXN's association with the podosomal signaling complex results in the inhibition of osteoclast migration and osteoclastic resorption [5] . In addition, LPXN is enriched in vascular smooth muscle and functions as a serum response factor to induce smooth muscle marker gene expression [6] . A growing body of literature suggests that LXPN may be a critical regulator in the development of several human malignancies. For example, LXPN was expressed in prostate cancer and contributed to regulating cancer cell adhesion and invasion [7] . Additionally, LPXN reportedly increased motility and invasiveness of prostate cancer cells through mediation of p120catenin [8] . Moreover, upregulated LPXN expression was detected in mammary carcinoma, and LPXN could induce transcriptional activity of estrogen receptor α, which may promote the progression and invasion of breast cancer cells [9] . In acute myeloid leukemia, LPXN interacts with its fusion partner ETV6 to enhance cell proliferative response and migration by enhancing the response to G-CSF and CXCL12 [10] . These findings indicate that LPXN may function as an oncogene in the progression of human cancers. However, the role of LPXN and its underlying molecular mechanism in the bladder cancer progression are largely unknown.
In this study, we examined the expression of LPXN in bladder cancer cell lines and human bladder cancer tissue. The expression of LPXN and its correlation with tumor stage, tumor size and clinical prognosis was also investigated. Moreover, we attempted to identify the molecular mechanism via which LPXN promoted bladder cancer proliferation, metastasis, and angiogenesis. Our findings suggest that LPXN may be a promising molecular target for the therapy of bladder cancer.
Materials and Methods

Cell culture
Bladder cancer cell lines BIU-87, T24, J82, UM-UC-3, EJ, TCCSUP, RT4, and human uroepithelial cell SV-HUC-1 were purchased from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). Primary normal bladder urothelial cells (NBUCs) cultures and SV-HUC-1 were established as described previously [11] . The cell lines BIU-87, T24, J82, UM-UC-3, EJ, and TCCSUP were routinely maintained in RPMI 1640 medium (Gibco, USA), while the RT4 cell line was cultured in McCoy's 5a medium supplemented with 10% fetal bovine serum (FBS) (Gibco, USA). SV-HUC-1 cells was grown in F12K medium supplemented with 10% FBS.
Clinical samples
A total of 196 paraffin-embedded specimens of bladder cancer tissues were obtained from The Second Affiliated Hospital of Nanchang University and used for immunohistochemistry (IHC). The clinical stage of patients was determined according to the American Joint Committee on Cancer (AJCC)'s classification system on TNM staging. Sample collections were performed after receiving approval from the institutional ethics review committee of The Second Affiliated Hospital of Nanchang University. In addition, 60 pairs of snap-frozen bladder cancer and normal urothelium samples were obtained and frozen immediately in liquid nitrogen after surgical removal and stored at -80°C until use.
Transwell invasion assay
Cell invasion was examined using the transwell matrigel invasion assay. After pretreated, cells were suspended in serum-free DMEM medium and then seeded in the cell culture insert chambers precoated with matrigel (BD Biosciences, San Jose, CA, USA). Culture medium supplemented with 10% FBS was added to the well, and the cells were then incubated for 24 h. Cells remaining on the top surface were removed and cells migrated to the lower surface of the membrane were fixed with 4% paraformaldehyde and stained with 0.1% crystal violet (Sigma, St. Louis, MO, USA). A light microscope was then used to count the number of cells in five randomly selected areas.
Plasmids, lentiviral infection, and transfection
Human LPXN cDNA was amplified by PCR and cloned into GV358 lentiviral vector (GeneChem, Shanghai, China). Oligo of LPXN shRNAs was synthesized and inserted in GV248 vector Genechem Co.,Ltd (GeneChem, Shanghai, China). Stable cell lines that expressed LPXN or LPXN-shRNAs were selected for 10 days with 0.5 mg/ml puromycin.
Quantitative real-time PCR (qRT-PCR)
Total RNA of cell lysates and tissues was extracted in accordance with TRIzol solution (Invitrogen, California, USA). cDNA was generated from 1 ug of each RNA sample and reverse transcribed using a RevertAid First Strand cDNA Synthesis kit (Thermo, Massachusetts, USA). All of the quantitative real-time PCR experiments were performed using an StepOne Plus real-time PCR system (Life Technologies, Carlsbad, CA, USA). The sequences of primers of LPXN are as follows: forward, 5′-CTGGAATGGGAGACCTGTTG-3′, reverse, 5′-CCCTGGATTGTGTGGGTATG-3′. GAPDH was used as an internal control.
Western blotting
Cell lysates and tissues were harvested using RIPA lysis buffer, and cleared by centrifugation at 4°C. A Bradford assay (Thermo Scientific, Massachusetts, USA) was used to determine cell protein concentrations. The proteins were then transferred onto polyvinylidene difluoride membranes and immunoblotted with primary antibodies: LPXN, S100P, E-cadherin, N-cadherin, Vimentin, Fibronectin (1:1000; Abcam, USA), p-PI3K(Tyr458/Tyr199), PI3K, p-AKT(Thr 308), p-AKT(Ser 473), AKT, p-GSK-3β(Ser9), p-ERK1/2(Thr202/ Tyr204), and ERK1/2 (1:1000; Cell signaling, Boston, MA, USA). After incubation with a secondary antibody, the blots were visualized by enhanced chemiluminescence (Amersham). α-tubulin was used as a loading control.
Immunohistochemistry
The paraffin-embedded specimens were cut into 4-μm thick section. Sections were deparaffinized with xylenes and rehydrated, and were then treated with 3% hydrogen peroxide in methanol to quench the endogenous peroxidase activity, followed by incubation with 1% fish skin gelatin to block the nonspecific binding. Tissue sections were incubated with anti-LPXN, anti-S100P, anti-CD31, and anti-Ki67 antibodies (Abcam, Cambridge, USA; 1:150) at 4°C overnight, and incubated with a biotinylated secondary antibody (Abcam, Cambridge, USA), followed by further incubation with 3, 3-diaminobenzidine tetrahydrochloride (DAB) and counterstain with haematoxylin. Evaluation of immunohistochemistry (IHC) was performed by two independent observers who were blind to the clinical data of the patients. The degree of immunostaining was reviewed and scored separately by two independent pathologists, based on both the proportion of Cellular Physiology and Biochemistry
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positively stained tumour cells and the intensity of staining. The intensity of staining were graded as 0 (no staining), 1 (weak, light yellow), 2 (moderate, yellowish brown) and 3 (strong, brown). The scores of the extent of immunoreactivity ranged from 0 to 4, according to the percentage of cells that exhibited positive staining in each microscopic field of view (0, negative; 1, <10%; 2, 10%-50%; 3, 50%-80%; 4, 80%-100%).
The final score was obtained by multiplying the proportion of positive cells and the staining intensity score. A final score of 0-3 was considered as negative, and a final score of 4-12 was considered as positive.
HUVEC tube formation assay
Briefly, 200 μl of precooled Matrigel (Collaborative Biomedical Products) was pipetted into each well of a 24-well plate and polymerized for 30 min at 37°C. HUVECs (5 × 10 4 ) in 200 μl conditioned medium were added to each well and incubated at 37°C in 5% CO 2 for 20 h. The capillary tube structure was photographed under a bright-field microscope, and quantified by measuring the total length of the completed tubes. Each condition was assessed at least in triplicate.
Anchorage-independent growth ability assay
The cells were trypsinized and counted. 5×10 3 cells were mixed with complete medium containing 0.3% agar (Sigma-Aldrich; USA) on 6-well plate, followed by plating on top of a bottom layer with 1% agar completed medium mixture. After 10 days incubation, viable colonies larger than 0.1 mm in diameter were scored. 
Tumour xenografts
Statistical analysis
All statistical analyses were carried out using SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA). Unpaired Student's t tests were used for normally distributed data and nonparametric Mann-Whitney U-tests were used for non-normally distributed data to compare central tendencies. The correlation between LPXN expression and clinicopathologic features was analyzed using chi-square test or Fisher's exact test. Correlation coefficients were calculated by the Spearman rank correlation test. Survival curves were plotted by the Kaplan-Meier method and the log-rank test was utilized to compare the survival rates between groups with varying LPXN expression levels. P <0.05 was considered statistically significant. Data are expressed as mean ± SD from at least 3 independent experiments. 
Results
Expression of LPXN in bladder cancer tissues and cell lines
In bladder cancer tissue collected from patients, the increased LPXN mRNA expression was found in 73.3% (44/60) of the cases, compared to that in adjacent non-tumor tissue (Fig. 1A) . Consistently, western blot analysis showed that LPXN expression was upregulated in bladder cancer tissue (Fig. 1B) . Additionally, we analyzed LPXN mRNA expression in 7 bladder cancer cell lines and normal urothelial cell lines, respectively. LPXN expression was significantly increased in bladder cancer cells in comparison to NBUCs and normal urothelial cells (Fig. 1C and 1D) .
LPXN expression was associated with advanced clinical features in bladder cancer
We investigated whether the levels of LPXN expression is associated with any clinical features of bladder cancer patients. The expression of LXPN was associated with advanced tumor stage (T classification) (P=0.026) as well as the increased tumor size (P=0.029) ( Table 1 ). There was no significant association with gender, age and histologic tumor grade. Kaplan-Meier analysis showed that the recurrence-free survival time in patients with higher LPXN expression was reversely correlated with LPXN expression (Fig. 1F) . Univariate and Multivariate analysis using the Cox proportional hazards model also revealed that LPXN expression was an independent predictor of recurrence-free survival in bladder cancer patients (P=0.004 and P=0.002, respectively) ( Table 2) .
LPXN expression was closely correlated with S100P expression
Previous research has established the role of S100P as a urothelial cell marker , both in normal urothelial cells and urothelial cell carcinoma. S100P can also modulate the cytoskeleton and focal adhesion in cancer cells,increase cell proliferation, invasion and migration [12] [13] [14] . An immunohistochemistry study was performed to assess whether S100P level was correlated with LXPN expression in bladder cancer. The representative immunostaining of LPXN and S100P in bladder cancer tissues is shown in Fig. 1E . Statistical analysis revealed that LPXN and S100P expression levels were significantly correlated (Kappa = 0.213, P=0.003, Table 3 ). 
LPXN promoted cell proliferation, migration, invasion, and angiogenesis in bladder cancer cell lines
To determine the role of LPXN in bladder cancer development, we employed a lentivirus-based expression system to overexpress or suppress LPXN in bladder cancer cells. Western blotting results revealed that LPXN expression level was significantly increased in cells with LPXN-lentivirus infection (Fig. 2A) . We observed that overexpressing LPXN markedly increased the proliferation rate in both EJ and T24 cells (Fig.  2B) . Coincidently, flow cytometry assay revealed that LPXN overexpression significantly elevated the percentage of S phase (Fig. 2C) . The results of transwell assay showed that LPXNtransduced cells exhibited a significantly increased invasive ability (Fig. 2D) . Moreover, the HUVEC tube formation assay showed the abilities of bladder cancer cells to induce HUVEC tube formation was markedly increased in LPXN-overexpressing cells (Fig. 2E) . In agreement with these results, we observed that silencing of LPXN expression inhibited cell proliferation, invasion and angiogenesis (Fig.s 3A-3E ). These in vitro results further supported the role of LXPN in promoting the aggressiveness of bladder cancer cells.
LPXN promoted tumorigenicity of bladder cancer
We further evaluated the effect of LPXN on the tumorigenic activity of bladder cancer cells. The overexpression of LPXN significantly increased the anchorage-independent growth ability of EJ and T24 cells in soft agar, while silencing of LPXN decreased this ability (Fig. 4A) .
In vivo study showed that the tumours arising from LPXN-overexpressing cells were larger and heavier than the vector-control tumors (Fig. 4B-4D ). Immunohistochemistry staining showed that LPXN-overexpressing tumors exhibited higher Ki67 proliferation index and increased microvascular density (MVD), whereas LPXN suppression had the opposite effect (Fig. 4E) . Collectively, these results indicated that LPXN contributed to the tumorigenicity of bladder cancer cells in vivo. Cell
LPXN increased S100P expression and induced activation of PI3K/AKT pathway in bladder cancer
To explore the molecular mechanisms by which LPXN faciliated proliferation, migration, invasion, and angiogenesis in bladder cancer cells, we examined the expression of relevant proteins in the PI3K/AKT pathway. The Gene Set Enrichment Analysis (GSEA) data showed that LPXN upregulation was associated with the activation of the PI3K/AKT signaling pathway and focal adhesion genes (Fig. 5A) . Overexpression of LPXN caused a significant increase in PI3K (Tyr458, Tyr199), AKT (Ser473), and ERK1/2(Thr202/Tyr204) phosphorylation. In contrast, phosphorylation of PI3K, AKT, and ERK1/2 was not observed in LPXN-knockdown cells. Additionally, S100P expression was obviously correlated with LPXN level (upregulated in LPXN overexpressing cells and down-regulated inLPXN knockdown cells; Fig.  5B ). Moreover, upregulation of N-cadherin, vimentin and fibronectin, and down-regulation of E-cadherin were observed in LPXN overexpressed bladder cancer cells. Conversely, decreased N-cadherin, vimentin, and fibronectin expression and increased of E-cadherin were detected in LPXN silenced cancer cells (Fig.5B) .
Consistent with these results, we found that PI3K inhibitor (LY294002) blocked the effect of LPXN-overexpression on protein expression and bladder cancer cell proliferation, migration and angiogenesis (Fig. 5C-5F ). Interestingly, the expression of S100P was also decreased following PI3K-specific inhibitor (Fig. 5C ), which suggested that LPXN regulated S100P via the PI3K/AKT pathway. Together, these results implicated the regulatory role of LPXN in PI3K/AKT activation and the aggressiveness of bladder cancer cells. 
Discussion
In the present study, we found that the focal adhesion protein LPXN was an oncoprotein in bladder cancer progression. LPXN expression was associated with advanced tumor stage, lymph node metastasis, and unfavorable clinical prognosis in bladder cancer patients. Moreover, we identified that LPXN facilitated the proliferation, migration, and invasion of bladder cancer cells both in vivo and in vitro, while shRNA-mediated LPXN knockdown decreased the bladder cancer cell proliferation, migration and invasion abilities. In addition, our data demonstrated that these effects of LPXN overexpression were mediated via PI3K/ AKT signaling pathway. It can thus be suggested that LXPN is a crucial regulator in bladder cancer development. Our findings may provide potential therapeutic targets for bladder cancer.
Focal adhesion kinase (FAK) is a non-receptor tyrosine kinase that plays crucial roles in integrin-mediated signalings and cell surface receptor-mediated signal transduction [15] . Previous studies have demonstrated that FAK frequently participates in wide range of essential processes for cancer pathogenesis, including cell adhesion, apoptosis, proliferation, metastasis, and angiogenesis [16] . As a FAK family member, LPXN has been reported to play an essential role in human cancer development [8, 9] . Early study showed that LPXN could form a signaling complex with protein tyrosine kinases Pyk2, c-Src, and the cytosolic protein tyrosine phosphatase-proline-, glutamate-, serine-, and threonine-rich sequence to modulate prostate cancer cell migration [17] . In another study, Dierks et al. demonstrated that LPXN stimulated prostate cancer cell adhesion and migration through regulation of the phosphorylation of the actin-binding protein caldesmon [18] . In hepatocellular carcinoma (HCC), LPXN contributes to HCC cell proliferation and cell-cycle progression via interacting with β-catenin and enhance its transcriptional activity [19] . The current study found that LPXN enhanced malignant phenotype including proliferation, migration, and invasion of bladder cancer cells. of the above findings provide compelling evidence to support the LXPN role in human malignancies.
Of note, the prognostic role of FAK has been well studied in cancers. For example, upregulated FAK expression was correlated with poor prognosis and tumor dissemination in hypopharyngeal cancer patients [20] . Similarly, high FAK expression in triple-negative breast cancer was associated with lymphovascular invasion and shorter overall and progression free survival [21] . However, the prognostic role of LPXN in bladder cancer patients has never been investigated. In the present study, we found that LPXN expression was correlated with poor prognosis in bladder cancer. In addition, there was a close correlationship between LPXN expression and tumor stage and size. To our knowledge, the present study is the first reportto offersome important insights into of the predictive value of LXPN as a tumor marker for the outcome of bladder cancer patients.
PI3K/AKT signaling plays a pivotal role in cancer development and progress. The activation of PI3K/AKT signaling facilitates bladder carcinogenesis and cancer progression [22] . However, its relationship with other molecular alterations observed in bladder cancer has not been fully understood. We demonstrated that LPXN promotes the activation of PI3K/AKT signaling, tumorigenicity and progression in bladder cancer. Additionally, our data suggest that the expression of S100Pis positively correlated with LPXN expression in bladder cancer tissues and cells viaPI3K/AKT pathway. Our results are further supported by Li and colleagues [23] , who observed that the expression of LASP-1, a focal adhesion adaptor protein, was closely related with S100P expression in gallbladder cancer. It was therefore suggested that LASP-1 might play a significant role in regulating metastasis of gallbladder cancer by down-regulating S100P via the PI3K/AKT pathway. It's the first study unraveling a link between LPXN and the PI3K/AKT signaling pathway. However, further studies are needed to further investigate the molecular mechanism by which LPXN regulates PI3K/AKT signaling in bladder cancer progression.
In summary, our results from in vitro and in vivo experiments provide insights into the biological function of LPXN in bladder cancer and demonstrate that LPXN overexpression
